Introduction {#S0001}
============

Cervical spondylotic myelopathy (CSM) is a common degenerative disorder that results in neurological dysfunction secondary to narrowing of the spinal canal, which causes functional decline and neck pain. A close relationship between the cervical sagittal range of motion and the severity of neck pain was demonstrated by previous studies,[@CIT0022] and they indicate that cervical sagittal alignment plays a vital role in the progression of CSM. Disc degeneration is considered to be the causative factor for abnormal sagittal alignment, which eventually leads to spinal cord dysfunction and neck pain. Further, investigations on Finnish male patients have indicated the potential relationship of sciatica with higher total cholesterol (TC), low-density lipoprotein (LDL) cholesterol, and triglyceride (TG) levels[@CIT0014] Based on these previous findings, we hypothesized that serum lipid levels are correlated with CSM or neck pain.

Modic classified signal intensity changes of the vertebral endplate on magnetic resonance imaging (MRI) scans into three types[@CIT0018] MC I indicates bone marrow inflammation and edema; MC II manifests as fatty involution of the marrow and bone; and MC III appears as endplate sclerotic changes[@CIT0019] A strong correlation between MCs and axial neck pain in patients with neck symptoms has been demonstrated[@CIT0026] However, no report so far has focused on the relationship between Modic changes (MCs) and cervical sagittal balance in patients with CSM.

The T1 slope is known as an indicator of cervical and global sagittal alignment. The cervical sagittal alignment includes neck tilt (NT), cervical lordosis (CL), thoracic inlet angle (TIA), C2--C7 Cobb angle (C2--C7 Cobb), T1 slope (T1S), and C2--C7 sagittal vertical axis (C2--C7 SVA), which are similar to pelvic tilt (PT). C7 slope was defined as the angle between a horizontal reference line and a line parallel to the upper endplate of C7[@CIT0006] A higher C7 slope (C7S) is related with lordotic changes and functional recovery[@CIT0023] However, no study has reported the relationship between C7S and MCs and its impact on cervical sagittal balance in patients with axial neck pain. In the present study, we have hypothesized that serum lipids levels are associated with MCs and that C7S could be a potential indicator of cervical segments with MCs and cervical sagittal instability in patients with CSM.

Previous studies have demonstrated that TG levels are related with low back pain in patients with atherothrombotic disease[@CIT0008] Moreover, TG and TC have recently been reported to be associated with symptomatic lumbar disc herniation[@CIT0015] A positive association has also been found between lumbar disc degeneration and the presence of MCs[@CIT0004] An association between MCs, cervical sagittal balance parameters, and improvement in quality of life has been reported too.[@CIT0007],[@CIT0021] Based on all these findings, we believe that a synergistic effect involving serum lipid levels and sagittal balance parameters is vital to the progression of disc degeneration, as well as MCs.

Methods {#S0002}
=======

Patient population {#S0002-S2001}
------------------

The study was approved by the Institutional Review Board of the First Affiliated Hospital of Nanjing Medical University. All patients signed informed consents form when enrolled in our study. The study included a total of 75 patients with CSM who suffered from myelopathy, radiculopathy, or axial neck pain. All the patients underwent multilevel posterior cervical fusion or laminectomy for cervical stenosis by ossification of posterior longitudinal ligament.

Data collection {#S0002-S2002}
---------------

We got the value of high-density lipoprotein (HDL), LDL, lipoprotein-a (Lpa), albumin (ALB), globulin (GLB), and TC, and TG from laboratory tests before surgery.

We measured the following sagittal parameters on the preoperative lateral radiographs according to previous literature[@CIT0028] (depicted in [Figure 1](#F0001){ref-type="fig"}).Figure 1Measurements of the radiological parameters C7 slope, T1 slope, cervical lordosis (CL), neck tilt (NT), thoracic inlet angle (TIA), and C2--C7 sagittal vertical axis (C2--C7 SVA) on a cervical lateral radiograph.

C7 slope or C7S: The angle formed by the horizontal plane and the upper end plate (UEP) of C7.

T1 slope: The angle formed by the horizontal plane and the UEP of T1.

CL: This was judged based on the C2--C7 Cobb angle.

NT: The angle between the vertical line of the sternum tip and the line drawn from the sternum tip to the center of the T1 UEP.

TIA: The angle between the line connecting the center of the T1 UEP, the upper point of the sternum, and the perpendicular line off the T1 UEP.

C2--C7 SVA: The distance between the plumb line through the C2 center and the plumb line of the posterior C7 UEP.

C2--C7 Cobb angle: The angle formed by the inferior end plates of C2 and C7.

T1S-CL: T1 slope minus the C2--C7 Cobb angle.

MC II was assessed on MRI images. All measurement was performed by three individual surgeons. All measurement was performed by three surgeons. We measured the cervical sagittal parameters with the software Centricity PACS 4.0 (GE Healthcare, Barrington, IL, USA).

Statistical analysis {#S0002-S2003}
--------------------

Our data collected are showed as mean (SD). The results were compared using the paired sample *t* test. We analyzed the correlations by Spearman correlation analyses. Differences were regarded as statistically significant when *P*\<0.05. The SPSS software (version 19.0; IBM Corporation, Armonk, NY, USA) was used for statistical analyses.

Results {#S0003}
=======

Demographic and clinical data {#S0003-S2001}
-----------------------------

The demographic and laboratory data for the 75 patients with CSM enrolled in our study are shown in [Table 1](#T0001){ref-type="table"}. The mean age of all patients was 55.63 (10.62) years. The patients were divided into four groups based on occurrence of MC and degree of C7S. Age showed significant difference between the four groups (*P*\<0.001). Gender, smoking status, alcohol consumption, HDL-C, LDL-C, LPa, ALB, GLB, TG, TC, and Ca^2+^ did not differ significantly between the four groups. The values of TG and Ca^2+^ were obviously higher than normal in all the groups. There were total of 75 patients in the MC I and the MC II.Table 1Comparison of the enrolled populations based on demographic, laboratory variables, and MCsMCs (+) (n=20)MCs (−) (n=55)*P*-valueAge (years)61.6±11.0853.36±9.840.003\*Gender (M/F)19/136/190.011\*Smoking status (Yes/no)16/446/101.000Alcohol consumption17/353/30.299HDL-C (mmol/L)1.12±0.31.14±0.240.785LDL-C (mmol/L)2.84±0.783.11±0.720.175Lpa (mmol/L)262.6±171.66209.4±163.470.223ALB (mmol/L)39.32±438.49±4.290.451GLB (mmol/L)23.58±3.4124.24±4.080.522TG (mmol/L)1.21±0.81.95±1.530.041\*TP (g/L)62.9±5.4462.72±6.250.913Ca^2+^ (mmol/L)2.24±0.122.23±0.130.685[^2][^3]

The mean and SD values of the cervical sagittal parameters are summarized in [Table 2](#T0002){ref-type="table"}. Only C7S and T1S differed significantly between the groups.Table 2Comparison of preoperative sagittal parameters based on C7 slope and MCsMCs (+) (n=20)MCs (−) (n=55)*P*-valueC7S26.27±8.6323.29±7.630.044\*CL25.21±37.6214.32±8.410.215C2-7SVA19.8±14.0317±9.990.342T1S28.06±8.5623.43±6.420.014TIA73.5±11.5272.37±8.640.650NT54.78±13.7852.03±11.470.389T1-CL2.86±35.449.11±9.390.962[^4][^5]

The correlations between the sagittal and laboratory parameters are summarized in [Table 3](#T0003){ref-type="table"}. The correlations between C7S, MCs, NT, TIA, CL, and C2--C7 SVA were statistically significant, as were the correlations between TG, TC, HDL-C, and LDL-C.Table 3Spearman correlation coefficient between factors that influence postoperative cervical sagittal parametersMCCLC2-7SVAT1STIANTC7STGHDL-CLDL-CLpaTPALBGLBCa2T1-CLMCR1−0.145−0.052−0.258−0.077−0.116−0.1230.2880.0700.195−0.143−0.015−0.0840.068−0.0990.004P0.2150.6560.0260.5140.3200.2920.012\*0.5530.0940.2190.8960.4720.5610.3980.972CLR10.0780.3180.199−0.0520.263−0.0600.0520.0900.2140.020−0.0700.107−0.102−0.937P0.5070.005\*0.0870.6600.022\*0.6110.6590.4400.0650.8620.5480.3590.3850.000\*C2-7SVAR10.4800.205−0.2440.4310.019−0.151−0.062−0.0480.0620.102−0.0120.0710.094P0.000\*0.0770.035\*0.000\*0.8720.1970.5950.6800.5950.3840.9170.5440.421T1SR10.227−0.3830.819−0.206−0.100−0.2320.0180.0160.118−0.1020.1270.032P0.050\*0.001\*0.000\*0.0750.3940.046\*0.8780.8940.3120.3850.2790.785TIAR10.0510.304−0.013−0.0190.005−0.0290.057−0.1350.232−0.236−0.126P0.6620.008\*0.9090.8700.9670.8030.6270.2500.045\*0.041\*0.280NTR1−0.1640.189−0.050−0.0890.029−0.093−0.2740.150−0.228−0.086P0.1590.1040.6690.4480.8040.4290.018\*0.1980.049\*0.462C7SR1−0.213−0.087−0.229−0.0150.0680.0820.0190.0260.023P0.0670.4580.0480.9010.5600.4860.8740.8220.846TGR1−0.2900.2430.1960.0280.0040.038−0.108−0.013P0.012\*0.035\*0.0920.8120.9730.7470.3580.912HDL-CR10.274−0.107−0.059−0.007−0.083−0.149−0.091P0.017\*0.3620.6140.9500.4760.2030.436LDL-CR10.238−0.0080.056−0.073−0.107−0.180P0.040\*0.9440.6320.5310.3600.121LpaR1−0.0900.021−0.161−0.058−0.219P0.4430.8600.1680.6180.059TPR10.7630.7180.575−0.016P0.000\*0.000\*0.000\*0.893ALBR10.0980.6940.118P0.4010.000\*0.315GLBR10.138−0.151P0.2390.197Ca2R10.154P0.188T1CLR1P[^6]

The results of linear regression analysis of the cervical sagittal parameters and laboratory parameters are shown in [Figure 2](#F0002){ref-type="fig"}. Presurgery MCs (R=0.288, *P*=0.012) was significantly correlated with presurgery TG. Presurgery T1S (R=−0.232, *P*=0.046) was significantly correlated with presurgery LDL-C. Presurgery C7S (R=−0.229, *P*=0.048) was significantly correlated with presurgery HDL-C. Presurgery NT was significantly correlated with presurgery ALB (R=−0.274, *P*=0.018) and Ca^2+^ (R=−0.228, *P*=0.049). Presurgery T1S (R=0.227, *P*=0.050), C7 S (R=0.304, *P*=0.008), GLB (R=0.232, *P*=0.045), and Ca^2+^ (R=−0.236, *P*=0.041) were significantly correlated with presurgery TIA ([Table 4](#UT0001){ref-type="table"}). Table 4Spearman correlation co-efficient between factors that influence postoperative cervical sagittal parametersCLC2-7SVAT1STIANTC7STGHDL-CLDL-CLpaTPALBGLBCa^2^CLR10.0780.3180.199−0.0520.263−0.0600.0520.0900.2140.020−0.0700.107−0.102P0.5070.005\*0.0870.6600.022\*0.6110.6590.4400.0650.8620.5480.3590.385N7575757575757575757575757575C2-7SVAR10.4800.205−0.2440.4310.019−0.151−0.062−0.0480.0620.102−0.0120.071P0.000\*0.0770.035\*0.000\*0.8720.1970.5950.6800.5950.3840.9170.544N75757575757575757575757575T1SR10.227−0.3830.819−0.206−0.100−0.2320.0180.0160.118−0.1020.127P0.050\*0.001\*0.000\*0.0750.3940.046\*0.8780.8940.3120.3850.279N757575757575757575757575TIAR10.0510.304−0.013−0.0190.005−0.0290.057−0.1350.232−0.236P0.6620.008\*0.9090.8700.9670.8030.6270.2500.045\*0.041\*N7575757575757575757575NTR1−0.1640.189−0.050−0.0890.029−0.093−0.2740.150−0.228P0.1590.1040.6690.4480.8040.4290.018\*0.1980.049\*N75757575757575757575C7SR1−0.213−0.087−0.229−0.0150.0680.0820.0190.026P0.0670.4580.048\*0.9010.5600.4860.8740.822N757575757575757575TGR1−0.2900.2430.1960.0280.0040.038−0.108P0.012\*0.035\*0.0920.8120.9730.7470.358N7575757575757575HDL-CR10.274−0.107−0.059−0.007−0.083−0.149P0.017\*0.3620.6140.9500.4760.203N75757575757575LDL-CR10.238−0.0080.056−0.073−0.107P0.040\*0.9440.6320.5310.360N757575757575LpaR1−0.0900.021−0.161−0.058P0.4430.8600.1680.618N7575757575TPR10.7630.7180.575P0.000\*0.000\*0.000\*N75757575ALBR10.0980.694P0.4010.000\*N757575GLBR10.138P0.239N7575Ca^2^R1PN75[^7]Figure 2The pathogenetic mechanism underlying the relationships between MCs, dyslipidemia, inflammation, atherosclerosis, disc degeneration, and segment instability.**Abbreviation:** MCs, Modic changes.

Discussion {#S0004}
==========

This study is the first to demonstrate the potential relationship between serum lipid levels and MCs in patients with CSM. In addition, the findings indicate that age and TG may be risk factors for the progression of MCs for strong correlation between them ([Figure 2](#F0002){ref-type="fig"}). Our investigation also demonstrated that the prevalence of OPLL in patients with CSM was higher in the MCs (+) group than in the MCs (−) group (25.00% vs 28.57%). Our results confirmed that cervical sagittal balance parameters, T1S, differed significantly according to the presence of MCs. In addition, within the cervical sagittal parameters themselves, C7S was found to be strongly associated with TIA, CL, and C2--C7 SVA (*P*\<0.05).

The precise mechanisms that lead to a CSM are not fully understood. Combinations of several factors act a part in the progression of CSM. The association between CSM, ALB, GLB, and serum lipid levels has been investigated. Our results demonstrate that there was no significant difference between the two groups (according to the presence of MCs) with regard to levels of the serum lipid. Nonetheless, we show here for the first time that MCs are significantly correlated with TG levels ([Figure 3](#F0003){ref-type="fig"}). Serum lipid levels may lead to decreased vascularity through its associations with risk factors for vascular disease[@CIT0011] This indicates that the risk of MCs could be reduced by controlling serum lipid levels. MCs are also well known to destroy the endplate vascular architecture and the metabolic pathway between the vertebral body and disc[@CIT0020] This could mean that disc degeneration can also be controlled by inhibiting the progression of MCs. It is believed that the sagittal parameters of the cervical spine can predict the development of degenerative CSM. These findings indicate that a higher T1S is associated with the progression of MCs. This is not consistent with the results of previous studies, which show that a smaller C7-T1 lordotic angle was an independent characteristic of patients with cervical imbalance.Figure 3Linear regression analysis of cervical sagittal parameters and laboratory parameters.**Abbreviations:** C7S, C7 slope; MCs, Modic changes; NT, neck tilt; TIA, thoracic inlet angle; T1S−CL, T1 slope minus CL; C2--7SVA, C2--C7 sagittal vertical axis; TG, triglyceride; LDL-C, low-density lipid cholesterol; Lpa, lipoprotein-a; GLB, globulin.

Several studies have focused on the potential relationship between T1S and cervical sagittal balance in patients with cervical spondylosis[@CIT0013] Moreover, high T1S may stimulate the progression of MCs caused by impaired sagittal balance[@CIT0016] However, no study has demonstrated the relationship between T1S, cervical sagittal balance, serum lipid levels, and MCs in patients with multisegment CSM. Therefore, in the present study, for the first time, we demonstrate that cervical segments with MCs are significantly less likely to have CSM. We believe that this is a consequence of less angular motion in segments with MCs; this is in agreement with previous studies which have suggested that MCs are correlated with loss of mobility and disc degeneration[@CIT0006]

Patients with MCs are more likely to suffer from disc herniation at the C6/7 levels[@CIT0017] Further, the current literature indicates that cervical balance may be impaired when T1S is greater than 25°, which also accelerates disc degeneration and MCs at the C5-6 level. Our findings extend this previous finding to patients with hyperlipemia, in whom cervical stability was observed to change at the C4-C5 and C5-C6 levels when CL increased. On the contrary, other studies have found that patients with stress concentration and decreased CL may experience cervical disc degeneration and spondylotic changes instead of impaired sagittal balance[@CIT0029] Nonetheless, there is evidence to show that the loss of CL is compensated by the reduction of C7S; this suggests that the take-off point from the cervical spine may be a predictive factor in patients with myelopathy.

Here, we elucidated the relationship between C7S and MCs in patients with hyperlipemia following accurate measurements on MRI scans, in order to avoid the limitations of radiographs and filled the vacancy of the correlative research about MCs, serum lipid levels, and cervical parameters. Our study confirmed that patients in the high-C7S group had higher preoperative CL,T1S, and C2-7 SVA than those in the low-C7S group, which is in agreement with previous research[@CIT0002] The demographic characteristics of the patients may explain this difference between the groups. Sagittal lordotic segmental alignment has been proved to be a convinced predictor of adjacent-level degeneration[@CIT0003] We found that patients with high C7S had more kyphotic alignment changes. Thus, high C7S may be required to maintain energy efficient, pain free, and upright posture patients with hyperlipemia.

Previous studies confirm that there is significant correlation between T1S in degenerative cervical spine and cervical sagittal balance. In particular, T1S is of clinical value in the diagnosis of degenerative cervical spondylosis[@CIT0012] T1S, NT, and TIA are obscured on MRI due to the body position[@CIT0025] C7S is used as a substitute for T1S as a result of the strong association between the C7 slope, T1 slope, and cervical sagittal balance[@CIT0028] Previous studies have confirmed that T1S and TIA in patients with MCs can interact with each other and ultimately contribute to the development of the sagittal alignment of the cervical spine[@CIT0009] Thus, T1S and TIA may be efficient for the evaluation of sagittal balance of the cervical spine. The C7 slope is associated with C2--C7 cervical lordotic compensation, thus connecting the occipitocervical and thoracolumbar spine[@CIT0024] Here, we have demonstrated that not only T1S and TIA but also other cervical sagittal parameters, including C2--C7 SVA and CL, can interact with each other, with C7S as a mediator.

T1S is not correlated with cranial offset, which is a parameter related to C2--C7 SVA. Fortunately, we observed a correlation between C7S and C2--C7 SVA, thus demonstrating that the take-off point of the cervical spine from the thoracic spine may have more predictive value than SVA in degenerative patients. This may explain the strong correlation of cranial tilt with SVA, as this value increases with the combination of increased T1S and simultaneous loss of CL. In addition, we believe that there was a significant correlation between C7S, cranial tilt, and C2--C7 SVA. Kim et al demonstrated that C2--C7 SVA had a significant relationship with the C2--C7 Cobb angle in asymptomatic persons[@CIT0010] However, C2--C7 SVA did not have a significant correlation with C2--C7 angle in our degenerative group. This is probably because in our symptomatic patient population, compensatory mechanisms, such as NT or thoracic hypokyphosis, caused a decrease in C7S so as to maintain normal SVA in response to loss of CL.

Limitations {#S0005}
===========

The main limitations of this study are the lack of a control group and the dynamic relationship between MCs and C7S in the cervical spine. In addition, we could not control for confounding factors as a result of the small sample size. The retrospective nature of our study is another limitation. In the future, prospective studies should be carried out to assess the relationship between C7S, MC types, and clinical outcome. Finally, we did not assess the potential relationship between cervical, thoracolumbar, and spinopelvic parameters, or the influence of high C7S on surgical outcomes.

Conclusion {#S0006}
==========

Age, gender, and TG were associated with the progression of MCs in patients with CSM. Significant correlations exist between TIA, CL, T1-CL, C2--C7 SVA, NT, CL, and C7S. Despite its limitations, our study is the first to validate the relationship between Ca^2+^, TG, and MCs.
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